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e WHIM in X-rays and FUV:
m lent Status

fie WHIM along the line of sight

S o Mkn 421

“ ' The WHIM in X-rays: Future
[Prospects
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»

= Standard Bib Bang Nucleosynthesis, combined
= 'WI’[h observed light-element ratios, gives:

-’
—
i _-—-

s

(Burles & Tytler, 1998)

\ At High z, consistency on the estimated
Baryon density
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Q. +8Q,,+Q, +Q,<002 (20)<

<1/2of z=2value (forh,, =1)

(Fukugita, Hogan & Peebles, 1997)

R -
A B

THE BARYON BUDGET

Component Central Maximum Minimum Grade®
Observed at =z = O
1. Stars in spheroids ... T 0.0026 ki 0.0043 h 0.0014 hig A
2. Stars in disks ........ooooiioo... 0.00086 I, gt 0.00129 7154 0.00051 hg A—
3. Stars in irregulars ............... 0.000069 f15 0.000116 hog 0.000033 fi g B
4. Neutral atomic gas .............. 0.00033 hsot 0.00041 hsdt 0.00025 hoot A
5. Molecular gas .............o.oo... 0.00030 h ! 0.00037 B, g 0.00023 h A—
6. Plasma in clusters ............... 0.0026 h;, > 0.0044 h5 15 0.0014 h5 13 A
7a. Warm plasma in groups ...... 0.0056 hi;g-° 0.0115 h-5 0.0029 hig-° B
7b. Cool plasma ........ooeeeenn--. 0.002 0.003 his ) 0.0007 hot C
7. Plasma in groups ............... 0.014 higt 0.030 A5 0.0072 hi B
B.Sum (at h=70and z =~ 0)...... 0.021 0.041 0.007 P
Gas components at z =~ 3
9. Damped absorbers .............. 0.0015 h;4 0.0027 h-?;,‘ 0.0007 h-,T?l A
10. Lyx forest clouds ... e 04 hogt- 0.05 hog 0.01 h;g- B
11. Intercloud gas (He ) .......... - 0.01 hg-* 0.0001 h B

Abundances of:

12. Deuterium

13. Helium ......c.cuvun..
14. Nucleosynthesis ....

............ 0.04 h;Z 0.054 h52 0.013 h;Z
............ 0.010 hoZ 0.027 h;2
............ 0.020 h, g 0.027 h,2 0.013 h;Z

9/2/04

2 Confidence of evaluation, from A (robust) to C (high

uncertain).
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i¥55:10/2 M- are needed to stabilize the
LO( Cife)l [ON(KEARI& Wolter 1e58)

9/2/04

THE ASTROPHYSICAL JOURNAL

AN INTERNATIONAL REVIEW OF SPECTROSCOFPY AND
ASTRONOMICAL PHYSICS

VOLUME [30 NOVEMBER 1959 NUMBER 3

INTERGALACTIC MATTER AND THE GALAXY

F. D, Kany* avn L. WoLrperf
Princeton University Ohservatory and the irute for Advanced Study, Princeton, New [ersev
i Moy I8, 1039

ARSTRACT

Tt iz shown that the Local G
able amount of intergalacti tter, A detal
fonized by drogen and that stars can contri

proton/om?, respectively. Tt is thought that thi

Calaxy, revealed tm observations, is ana

|_:|r1mr:\.ru.1-.']1.-|1urin ich occurred at the me of Tormation of | 3

for it canbe given in terms of the low pattern of the intergalietic gae past the Galasy ard of the recalting
wessire distribution on the halo.
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Cool (Lya)
gas
dominates
Volume at
all z

Volume Fraction

9/2/04

T an—

Uni\

o

Mass Fraction vs Volume Fraction

0.5

0.4

0.3

(Cen & Ostriker, 1999)

7.58

O T<10%K

& T=—10% 10K

= T>10"K

O Galaxies
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Perturbating with the XRB:

Collisional Equilibrium © U~0.10latanyz

II(I)\I/IIIHH

A
Fractional Abundances

1 I\. II.:.‘“ ."'

Fractional Abundances

SED from Parmar et al., 1999; Boldt et al., 1987;
Fabian & Barcons, 1992)
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0.5-2 keV
Brightness in
ph/s/cm?/sr

(Kravtsov, Klypin & Hoffman, 2002)
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a MK Resolution: AN ~ 65 mA
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1 Observed on 24 October 1999 for
~ 39 ks
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WA absorption Lines fall in the linear
planci oftthe Curves of Growth (CoG)
g EVW o Jlon Column Density :

— EWi S (X))
SX[i+n] EWX[i+n] flu(Xl)
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Typical WHIM Absorption

e — R Lines:
A A EW(OVIL,OVIII <~ 10 mA
e e EW(OVI) ~ 70 mA

i HChandraH
X-ray Flux = 4x10-19 erg/s/cm?: Very Bright
(700 cts/res.el. At 20 A in 60 ks Chandra-LETG)

UV-Flux = 5x10-14 erg/s/cm?: Moderate Flux
(30 cts/res.el. In 20 ks FUSE)
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'AVj.

HV-OVI | LV-OVI
Strong Segregation in the LSR SN Strong Segregation in the GSR ¥

-
e
—
m—1

{by LGSR

Nicastro et al, Nature, 421, 719
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HV-0VI
LSR  GSR LGSR | LSR

A

GSR LGSR

L25 kmis

Tl km's

A 60 kou's A

25 km's 25 kmi's

OO s Mo

(Nicastro et al., Nature, 421, 719)
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* X-Rays (Chandra and XMM-Newton): PKS 2155-
304, MKn 421, 3C 273, NGC 4593, NGC 5548

(Nicastro et al., 2002, Apd, 573, 157; Fang et al., 2003, ApJL, 586, 49)

— ~ EW(OVII) ~ 10-15 mA

— ~ 700 counts per res. el. needed at 21.6 A

|+ Far-UV (FUSE): ~ 80-90 % of AGNs show HV-

OVI: at rest in the LGSR (Nicastro et al., 2003, Nature, 421, 719:
Sembach et al., 2003, ApJ, submitted)
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mplication
> HV-OVI Absorbers are at Not in Milky Way Halo
rest in the LGSR

~ | ° logT =5.8; 6 =20-30 Fits Predictions for Warm-
Hot IGM
" - [Ne/O] = 2.5 [Ne/O]; Dusty IGM?

> Total Mass = Can Bind the Local Group
(0.6-2)x1072 [H/O], 5M
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the Locall Group WHIM Eilament is relatively
Jels / because werare in it:

= G« nS|stentIy Chandra or Newton-XMM spectra of
AGN with enough statistics to detect 10 mA absorption
ines at 21.6 A, show OVII-OVIII Absorption by the Local

Group WHIM:
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2 Dereg ez > O WIS aments isTharder because or
EIEERINeHERIatoN:
Sourc

U] HiVeny recently, have
==Peen claimed, along 2 different lines of sight (Fang et al.,

=

’2'5:'-2002 Mathur et al., 2002).

= X-ray spectra of
background AGN are needed, implying exposures of Ms
onithe brightest blazars in their normal state.

Alternatively...
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*Blazars flare to > 10 times normal
Ilind=1

Trigger ToO (from Rossi-XTE ASM)

«Qutbursts last 1-2 weeks

=
@
M
L]
o=
oy
g
el
3

2000 2200
Time {daya)
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2002, October 26-27: > 10x brighter!
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‘F(0.5-2 keV) > 0.1 Crab
4.5 Mcts!!
-~ 3000 ct/r.e., @ 21 A

Enough to detect (at > 30):

EW,.=25mA @21 A

Implying:

Noyy = 101 cm?
\ NH = 10" cm, for Z/Z;=0.1
\ Path Lengths = 1 Mpc, for 6=20
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U,6||||||||||||||||||||

.~ Hlyoaatz=0.01

LogNgy(z=0.01) = 15 (cm2)

AN (2 < 0.03, EW >3.1mA) =1.2

AN (2 < 0.03,EW >3.1mA) = 2

Z~0

0.2

Counts/sec/A

0.4 —

=1.8 o
Wavelength {4)

214

21.6 222 224

dN/dz = 35-70
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Worieroa o0 of Mkn 421 probes
Nprecedented Ny, and detects 1-2 trees
i) igle)

B B2sed on that detection:
e —Cf dNOV|/dZ = 20, Tripp & Savage, 2000):

= Alternatively, jet interaction with the ISM,
up to velocities of ~ 6000 km s
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'What can we learn g

- O o\ ology large scale structure
fols nation; Dark Matter distribution

_,,..r..-_ ' eat|ng mechanisms of gaseous baryons
~ Inthe Universe

* Chemical history of the Universe:

feedback mechanisms (refine hydrodynamical
simulations)
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. J\/Jap; WHIM atz <2/(
VEZstre Ny, /0z ( )
J\f BSUre Twam(2), dT\wm/dz (

= " \leasure relative contribution of
~photoionization ( )

—» Measure dZWHIM/dz (C, O, Ne, Mg, etc.)
(y total baryonic mass ( )
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(Hellsten et al., 1998)

o
S
a

Counts,/sec/A

o
kN

|
=1.5
Wavelength {A)

OVII, L=684 h-! Mpe

—
&)
o
—
A
)
¥
=
= 1|
=]
]
=}
T
=
fa=}

OVIIL, L=64 h~! Mpe
OVII, L=38 h-! Mpe

______ OVII[, I=32 h~! Mpe

' 1 ' ' ' ' | '
=20 20
Wavelenght (&)

o]
o}
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. H I Mlm”urﬂl;mﬂhmw H;ﬂumﬂm J'“w m

w

Con—X: 20 ks

Wavelenght (&)
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101° cm=

Novi ~
101° cm=

Z/Z;, ~ 0.05-
0.3

T ~1055- 107
K
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.h By 4

(Hellsten et al., 1998)
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O FWHM ~ 6C.

—_
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Constellation-X Effective Area and Resalving Power
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Energy &ev)

100

R = 4000
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Sh N | “‘-Lwﬂ.?‘-

- J\JJAr*” \E2IS: collect data from 12 sightlines '
BIWErds blazars in outburst: =
rIJ\Jw , Q. Tywom(2<0.5), dTyuw/dz, dZ/dz

— ——

_:’:,':;l:ong Term: mapping the WHIM up to z=2: needs
nigh throughput and spextral resolution in X-ray:
(R > 1000, A = 2000 cm?)
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Trig Detectlon of the Vissing

e Local universe
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